which has almost doubled in the last 7 years [6, 7] . The occurrence of new cases, the increase in the mean and range of the latency period, and the suspected cases under investigation all suggest that this outbreak is ongoing [7, 8] . In sporadic CJD, it is speculated that exposure to a common unknown factor (e.g. diet, occupation, surgery, contact with animals and other cases) plays a role in the etiology. Sporadic CJD may arise, as another putative mechanism, due to spontaneous endogenous events rather than by infection from another individual or an environmental source [9] .
In fact, the incidence and age-adjusted mortality rates have increased in Japan between 1979 and 2004 [10, 11] . The annual mortality rates for CJD in 2004 were 1.06 and 1.48 per million persons for males and females, respectively [11] . Geographical studies can provide an important clue for taking countermeasures against the spread of the disease. A recent epidemiological study suggested excess CJD standardized mortality ratios (SMRs) in some of the 47 prefectures in Japan [12] . Therefore, in the present study, we aimed to specifically detect localized clusters and hot-spot areas of deaths from CJD in Japan during the period 1995-2004.
Methods

Mortality, Geographical and Population Data
The mortality data for CJD from 1995 to 2004 were used in the present study, after obtaining permission for their use from the Statistics and Information Department of the Ministry of Health, Labor and Welfare. Underlying-cause-of-death classifications from death certificates were based on the 10th revision of the International Classification of Diseases (ICD-10) [13] . CJD deaths were defined as those with code A81.0 of the ICD-10. Human prion diseases other than CJD, such as GerstmannSträussler-Scheinker syndrome, fatal familial insomnia and kuru coded as A81.8, were excluded from this study. The data tape used for this study contained the codes for CJD and basic information on sex, age and residence (municipality). It did not include any personal identifiable information (e.g. individuals' names or residential addresses). Because of the aforementioned reasons, this study did not need to be institutionally reviewed, according to the ethical guidelines for epidemiological research stipulated by the Ministry of Education, Culture, Sports, Science and Technology and the Ministry of Health, Labor and Welfare.
At the time of this study, there were a total of 3,371 municipalities (150 wards in Tokyo and other metropolitan cities, 651 cities, 1,994 towns and 576 villages) nested in 47 prefectures of Japan. Prefectural governments defined the secondary medical care zone (SMCZ) for medical care planning according to the Medical Service Law. Geographical analyses in the present study were conducted at the SMCZ level. There were 359 SMCZs, each of which consisted of neighboring municipalities. Geographical coordinates (latitude and longitude) for each SMCZ were computed as the population-weighted means of coordinates of the municipal government offices in each of the SMCZs [14] . For each year from 1995 to 2004, population estimates for each SMCZ were calculated using a linear interpolation of the two census populations for 1995 and 2000.
Statistical Analyses
Geographical Distribution of CJD Mortality SMRs, defined as the observed number divided by the expected number of fatal cases, have been used in previous studies to describe the geographical distribution of mortality rates for CJD. However, the estimation of SMRs takes no account of population size and is sensitive to variation in the observed number of deaths so that estimates of SMRs are highly dependent on the population size of the areas studied. This is especially true for such a rare disease as CJD. Therefore, we did not adopt the traditional SMRs, but employed empirical Bayes estimates of standardized mortality ratios (EBSMRs) to examine how CJD deaths are geographically distributed among SMCZs throughout Japan. EBSMRs weight the observed SMRs according to how far they are from the estimated a priori mean and how precise they are [15] [16] [17] . EBSMRs were calculated for each sex as well as the sexes combined.
Spatial Disease Clustering of CJD Mortality
The circular spatial scan statistic [18] has been widely applied to epidemiologic studies for disease cluster detection [19] [20] [21] . This method superimposes an infinite number of circles with different radii on a map at different locations and identifies the circle with the maximum likelihood as the cluster that is least likely to have occurred by chance. Since this scan statistic uses circular windows, it encounters difficulties in correctly detecting noncircular clusters such as those along the coast. Japan consists of the mainland, three islands (Hokkaido, Shikoku and Kyushu) and thousands of small scattered islands. In that case, it may happen that the circular spatial scan statistic fails to detect noncircular clusters or includes the sea, where there is clearly no elevated risk, in the largest part inside circular clusters.
To overcome this problem, we adopted another method as a spatial scan statistic, that is the flexible spatial scan statistic, which places an infinite number of arbitrarily shaped windows over a map to look for irregular or noncircular clusters. As with the circular spatial scan statistic, the cluster with the maximum likelihood is defined as the most likely cluster. p values are obtained using Monte Carlo hypothesis testing, comparing the test statistic from the observed data set with the test statistics from 999 random data sets generated under the null hypothesis of no clustering. Statistical significance was determined as a p value less than 0.05. Hot-spot areas, which are included in the most likely cluster, can be identified. The details of the flexible spatial scan statistic were previously published elsewhere [22] . Flexible spatial scanning for cluster detection was conducted for each sex as well as the sexes combined.
Analyses were performed using EB Estimator for PoissonGamma Model version 2.0 and FleXScan version 2.0, which were developed by Takahashi et al. [23, 24] . FleXScan detects all clusters for which p values are less than 1.0 by Monte Carlo hypothesis testing. They are available from the website of the National Institute of Public Health, Japan, on the internet. 
Results
The total number of CJD deaths was 1,168 (500 males and 668 females) in the observed 10-year period from 1995 to 2004. The geographical variations in EBSMRs of CJD adjusted for age are shown for males ( fig. 1 ), females  ( fig. 2 ) , and both males and females ( fig. 3 ) . Table 1 shows the most likely, second and third clusters of CJD mortality detected with the flexible spatial scan statistic: A1, A2 and A3 for males, B1, B2 and B3 for females, and C1, C2 and C3 for both males and females, respectively ( fig. 4-6 ).
As shown in figure 4 , for males, there were 1 statistically significant cluster (A1) and 2 clusters with no significance (A2 and A3). The most likely cluster with an elevated risk for CJD mortality was located in the northwest region from the base of Mt. Fuji, stretching over the two neighboring prefectures of Yamanashi and Shizuoka (relative risk = 3.16, p = 0.016; table 1 and fig. 4 , A1 ). For females, figure 5 shows 3 detected clusters, which were not statistically significant (B1, B2 and B3). The most likely cluster of CJD mortality for females extended from the Japan Sea to the Pacific Ocean in the northeast of the mainland, where the observed number of deaths was 28 compared to 12 expected (relative risk = 2.36, p = 0.387; table 1 and fig. 5 , B1 ). Figure 6 and table 1 indicate, for both males and females, that there were 1 statistically significant cluster (C1: relative risk = 2.28, p = 0.021) and 2 clusters with no significance (C2 and C3). As shown in figure 7 , the most likely cluster contained 10 hot-spot areas located along the rivers in this region, the Fuji River, Ohi River and a part of the Tenryu River.
Discussion
About 5-15% of CJD cases show the familial or genetic form [1, 25] , and the percentage of other forms varies according to the degree of exposure to the causal agent. Genetic CJD is related to an underlying mutation in the prion protein (PRNP) gene on human chromosome 20. The 200K PRNP mutation accounts for 70% or more of genetic CJD cases and is autosomal dominantly inherited. It is reported that 4 independent mutational events are responsible for the current worldwide distribution of genetic CJD associated with this mutation, in Libya, Tunisia, Italy, Chile, Spain, Slovakia, Poland, Germany, Sicily, Austria and Japan [25] . In Japan, a series of clinical cases of genetic CJD patients with the E200K PRNP mutation have been reported, which appeared in the Fuji River Basin across Yamanashi and Shizuoka Prefectures [26, 27] . A part of Yamanashi Prefecture in this region is the place where a small cluster of familial and sporadic CJD patients were identified about 30 years ago [28] .
In the present study, we found that 7 of 10 hot-spot areas in the most likely cluster corresponded almost exactly to the Fuji River Basin where genetic CJD patients had previously been reported [26] . Of note, the most likely cluster extended from the Fuji River Basin toward the southwest in Shizuoka Prefecture. This is evidence that has never been reported before in such previous studies as clinical case studies, regional epidemiological surveys and geographical analyses at the prefectural level [10, 12, [26] [27] [28] . Although we cannot clarify how the disease has been transmitted there because of a lack of genetic and clinical information on patients who died from CJD, we suggest the existence of some endogenous or exogenous factors for CJD common to these areas: PRNP mutation, migration of PRNP mutant carriers, repeated pointsource outbreaks of infection, gene-gene or gene-environment interactions, and iatrogenic transmission [7, 9, 25, [29] [30] [31] [32] . Four of 8 hot-spot areas detected for males appeared in a part of the cluster for females as well, which, however, was not statistically significant. The reason for the sex difference in cluster formation is unclear.
The limitations of our present study should be taken into account. One is case ascertainment. The diagnosis of CJD was based on underlying cause of death recorded on death certificates, and such notations in death certificates may include inaccuracies. However, this is not so serious, considering the following points: (1) the number of neurologists is so large that the probability of the case finding artifact is small with CJD [10] ; (2) neurologists, psychiatrists and brain surgeons generally follow a manual for clinical practice on CJD [33, 34] , and (3) the annual number of CJD deaths observed in our study was close to the number of patients with CJD reported as a notifiable infectious disease, which was specified in 1999 by the Infectious Disease Law ( table 2 ) . The other is a lack of clinical and genetic data on CJD. Therefore, we could not separately analyze the data for each form of CJD. We assume, however, excluding a single case of variant CJD, incidences of 81.4, 7.6 and 10.9% for the sporadic, iatrogenic and familial forms of CJD, respectively. Familial CJD includes cases without PRNP mutation but with a family history [8] .
In conclusion, the present study revealed evidence of geographical clustering of deaths from CJD at a certain location in Japan. Some other clusters existed across the country but did not show statistical significance. Due to the nature of descriptive studies, our study cannot elucidate the etiology or confirm the mode of transmission. Nevertheless, it contributes a new insight for future genetic and environmental epidemiological studies on CJD. In addition, it is important to carefully monitor the geographical pattern of CJD mortality from the perspectives of disease prevention and health care services. 
